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INTRODUCTION
The quality of corn purchased by American and overseas
countries has materially decreased as the percentage of high
moisture grain harvest increased.
Since the grain farmer has the choice of purchasing
two types of combines (axial flow and tangential flow com
bine) , it is important to know the effect of combine design
when harvesting high moisture grain (24-25%) on the grain
quality.
The initial damage inflected by the rasp bar cylinder
(crown damage as well as internal damage) on the grain dur
ing harvesting is the major determining factor in quality
deterioration during subsequent conditioning and handling
operations. Mechanical handling between the corn field and
the consumer will normally cause additional physical damage,
lower quality grain, lower prices of the grain, and increase
handling and storage problems.
In a laboratory study performed on tangential flow com
bine, Chowdhury and Buchele (1978) found that total corn
damage increased 16% (25 to 41%) as the rpm of the cylinder
increased 25% (450 to 650 rpm).
In 1981, USDA reported that about 55% of the corn was
fed to livestock, 10% was processed for domestic use and 35%
exported to other countries. Thus, 4 5% goes to users who
are interested in corn quality, particularly sound corn with
a minimum of broken corn and foreign materials.
The purpose of this study was to determine the effect
of combine cylinder design, cylinder speed, and concave
clearance on mechanical damage.
OBJECTIVES
The objectives of this research endeavor were:
(1) To determine the different effects of cylinder design
(axial flow and tangential flow) on corn physical
damage.
(2) To determine the effect of two machine operating
parameters on the quality of grain harvested with each
type of cylinder:
(a) Cylinder rpm.
(b) Concave clearance.
LITERATURE REVIEW
Grain damage can be.external or internal. External
damage (physical) is caused mostly by combine (Mahmoud,
1972).
The American Society of Agricultural Engineers (1977)
defines grain damage as only that attributable to the
machine. According to their definition, it shall be ex
pressed as the percentage by weight, to the nearest one-
tenth, of damaged kernels in the sample.
Ayres et al. (1972) , Mahmoud and Kline (1972) , and
Chowdhury and Buchele (1978) defined mechanical damage
as fines and kernels with broken, chipped, scuffed or
minute cracks in the pericarp.
The USDA (1978) grain grading system is the official
grain standard (see Table 1). This standard classifies
any material that passes through a sieve of a certain
type and size (for example, 12/64 in (4.76 mm) is used
to classify corn) as broken corn and foreign material
(BCFM),
Green et al, (1966) and Moore (1957) found that reduc
ing the cylinder speed of a combine resulted in reducing
the percentage of broken seeds in the sample.
Barger and Weber (1949) suggested that seed-coat
cracking (which appears during harvesting and processing)
Table 1. Numerical grades and sample grade and grade re
quirements for corn (USDA, 1978). Includes the
classes yellow corn, white corn, and mixed corn
Grade
Minimum
test
weight
per
bushel
(lb)
Mois
ture
%
Maximum limits of
Broken
corn and
foreign
material
%
Damaged kernels
Total
Heat
damaged
kernels
%
No. 1 56.0 14.0 2.0 3.0 0.1
No. 2 54.0 15.5 3.0 5.0 0.2
No. 3 52.0 17.5 4.0 7.0 0.5
No. 4 49.0 20.0 5.0 10.0 1.0
No. 5 46.0 23.0 7.0 15.0 3.0
U.S. sample grade shall be corn which does not meet
the requirements for any of the grades from U.S. No. 1 to
U.S. No. 5, inclusive; or which contains stones; or which
is musty, or sour, or heating; or which has any commer
cially objectionable foreign odor; or which is otherwise
of distinctly low quality.
reduces the germination percentage.
Kline (1973) found that there are four factors which
lead to increasing the percentage of broken corn:
(1) Harvesting at high moisture content;
(2) High-impact shelling action in combines;
(3) Drying with heated air; and
(4) Multiple handling of corn in the market channels
Paulsen and Nave (1978) concluded that percentage of
splits of soybeans was significantly higher for the conven
tional cylinder than for the single- or double-rotor thresh
ing mechanisms, and the percentage of splits decreased as
the concave clearance increased.
Misra (1980) discussed the mechanical damage due to
equipment, and he found that the damage to the seed was
primarily due to impact or abrasion.
Rademacher (1980) reported that there are two causes for
the possible degradation of corn kernels in a grain auger.
There may be degradation by mechanical forces such as shear
ing of seed at the plane where the screw flight enters the
housing, thus jamming seeds in the clearance between the
screw and tube. Degradation may also be caused by the roll
ing and tumbling motion of some of the kernels flowing back
relative to the majority of grains that were being conveyed.
Rademacher found that shearing and jamming can be reduced or
even prevented by utilizing correct geometry in the design
of grain auger and tank.
Chowdhury and Kline (1978) studied internal and ex
ternal damage to corn kernels from the combine cylinder.
They found that the corn variety, kernel moisture content,
cylinder speed (rpm), and length of the concave (zones)
affected the different categories of external and internal
damage. The overall mean for total external damage (peri
carp injury) was 40.25% while the total internal damage
(stress cracks) was 25.97%.
King and Riddols (1962) reported that damage to beans
(and other crops) could be reduced by avoiding high cylinder
speed even at fairly low moisture content.
Bilanski (1966) found that the extensive handling
necessary during the threshing, cleaning and conveying of
grain resulted in much damage to the kernels, hence lower
ing both the quantity and quality of the grain.
Fox (1969) used high speed photography to study the
shelling operation of corn. He noted that the corn was com
pletely shelled after being hit approximately seven times
by the rasp-bar. The kernels that were not directly hit by
the rasp-bar or concave seemed to be shelled by a combina
tion of the deflection of the cob and by the force due to
acceleration imparted to the ear by the rasp-bar.
Ayres et al. (1972) found that the mechanical damage
of combined corn kernels ranged between 16.4 and 79.4% in
typical field harvesting systems in Iowa. The major portion
of the mechanical damage done to corn kernels in combines is
caused by the shelling operation, in particular when the
ears and the shelled kernels pass through the shelling
crescent.
Hall and Hill (1972) studied the effect of corn kernel
damage (from hand-shelling and combining) on test weight dur
ing drying (170°F). They found that the test weight
decreased as the mechanical damage increased (which was due
to increased combine cylinder speed (see Figure 1)).
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Figure 1. Effect of corn kernel damage on test weight
during drying (170OF) (Hall and Hill, 1972)
Hall and Hill (1974) found that the amount of increase in
test weight during drying is affected by (a) the initial mois
ture content of the corn, (b) amount of kernel damage, (c) dry
ing temperature, (d) final moisture content, and (e) variety.
Morrison (1955) found that kernel damage increased as the
cylinder speed increased and generally was higher at the
higher kernel moisture contents.
Paulsen and Nave (1978) found that the broken corn
and foreign material and breakage did not vary signifi
cantly between combines at the two high moistures (28,8,
and 2 0.3%), but at 18.6% moisture, the axial flow combine
produced significantly less breakage in the tank samples
than did the tangential flow combine. They also concluded
that the fast green dye index indicated that greater level
of damage occurred at 28.8% moisture than at the lower
moisture and the Stein breakage percentage for clean-grain-
auger samples did not differ significantly among harvest
moistures.
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FIELD PROCEDURE
One variety of corn (MIGROHT479) was field shelled by
two grain combines, an International Harvester 1440 Axial
Flow (single rotor) (Figure 2b) and Allis-Chalmers Gleaner
M2 (conventional cylinder) (Figure 2a), equipped with corn
head, and the level of mechanical damage was determined by
various mechanical tests and by a colorimetric test (Fast
Green Dye Index) . The corn was harvested from fields
located northwest of Ames, Iowa.
The field tests were conducted on a corn plot that was
1370 ft long by 1275 ft wide. The corn was combined at
three levels of cylinder speeds:
(a) Low level, 300 rpm for the axial combine and 400
rpm for the tangential combine;
(b) Intermediate level, 450 rpm for the axial combine
and 600 rpm for the tangential combine; and
(c) High level, 6 80 rpm for the axial combine and
780 rpm for the tangential combine;
and three levels of concave clearance 0.5, 1.0, 1.5 in
(1.27, 2.54, 3.81 mm). The block size was 12 rows. In
each of five blocks, one combine harvested six selected
rows, and the other combine harvested six selected rows
simultaneously. A total of 90 samples were run, and the
data were evaluated using a complete randomized block design,
After the combine had harvested a distance of 30 ft to
Figure 2a. Side view of the tangential flow combine
(Allis-Chalmers Gleaner M2)
Figure 2b. Side view of the axial flow combine (Inter
national Harvester)
nZT
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ensure adequate loading of the cylinder, a sample of corn
was collected. The samples, weighing 3-4 lbs (1300-1500
grams), were collected by placing a bucket under the clean-
grain-auger that discharged grain into the grain tank.
These samples were placed in a plastic bag and matched with
a tie tag. At each test:
(1) The cylinder speed was checked before and after
each test.
(2) The concave clearance was checked before and
after each test.
In this study, moisture content at harvest averaged
between 2 3 and 25%.
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LABORATORY TESTS
Samples were placed in a walk-in refrigerator {34°F)
located in the Iowa State University Grain Quality Labora
tory to maintain condition and moisture content during the
laboratory tests (Figure 3).
Test Weight
Test weight is a measure of how much material will fit
into a fixed voliame. The units are lbs per bushel, and test
weight is used in the USDA Grain Standard (1976). A repre
sentative sample of the corn was placed in a cone of the
test weight sampler. A hole in the bottom of the cone is
covered with a moving gate (Figure 4). A one-quart con
tainer was placed beneath the cone and the corn was allowed
to drop by gravity through the hole from a fixed height
into the container. The size of the corn sample should be
large enough to fill the container and kernels should spill
around the container. The surface corn in the container
was leveled with a rounded wooden ruler and the weight of
the corn and container was recorded. The above procedure
was repeated three times, and the average reading was com
puted.
m _ (gross weight - container weight)
454
Large broken
corn (16/64
in sieve)
Oven test,
3 reps,
15 g/rep
Fast Green Dye Test
3 reps, 100 g/rep
15
Sample
V
Warm to
room temperature
V
Test weight
3 reps
V
Particle size
V
Moisture
content
ii
Figure 3 . Lab procedure flow chart
> Broken corn and
foreign material
(12/64 in sieve)
Dickey-john Mois
ture Meter
GAC II, 3 drops
of the same
sample
Stein Breakage
3 reps, 100 g/rep
Figure 4. Test weight sampler
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where:
32 = Number of quarts in a bushel
454 = Conversion from grams to pounds (gross weight -
container weight) in grams.
Particle Size
The samples were sieved on a discard fines tester
(Carter-Dockage tester) equipped with 0.1875 in. and 0.25 in.
round hole sieves (Figure 5). Material passing through
0.1875 in. was collected as BCFM and foreign material was
picked by hand from the sample and added to the 0.1875-in.
to form BCFM, while the material that passed through 0.25 in.
was collected as large broken corn. The sieving operation
was not timed but ended after all the material had fallen in
to each pan.
Moisture Content
The moisture content of the grain was determined by two
methods. Oven test method was conducted to determine the
standard percent of moisture content (USDA, 1976). The grain
was dried at 103°C for 72 hours. Other samples were placed
in the Dickey-john Moisture Meter GAC II (Figure 6). The
sample was dropped through the tester three times.
Stein Breakage Test
The Stein Breakage tester is an instrument for measur
ing susceptibility of a grain sample to breakage.
Figure 5. Carter-Dockage tester
Figure 6. Dickey-john Moisture Meter GAC II
^
I
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Procedure
The procedure for conducting a Stein Breakage Test on a
corn sample was recommended by NC-151 Collaborative study
(Miller et al., 1979). The outline of the procedure is
as follows:
1. The sample is screened over the 12/64-inch
sieve prior to testing.
2. The moisture content is determined by the moisture
meter.
3. At least 400 grams for three subsamples are weighed
and placed on an air drier, as in Figure 7a.
4. The desired final weight is calculated (Hurburgh,
1981) as
" = [1-° - 'lOO - 12.s""o - 12-8)]
where:
12.8 = desired final moisture content;
w = desired final weight of sample;
= moisture content of sample to be con
ditioned, percent; and
w^ = original weight of Scimple.
5. 100 g of the conditioned corn was weighed.
6. Operate Stein Breakage tester for 4 minutes
(Figure 7b)
7. Screen the sample over the 12/64-inch sieve. The
Figure 7a. Air drier for Stein Breakage Test
Figure 7b. Stein Breakage tester
f\
£Z
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percentage of breakage percentage equals the weight
of the broken grain that passes through the 12/64
sieve, in grams.
Grain Quality Index
This test, developed by Chowdhury (1978), was used to
give an index of the area of exposed starchy tissue of dam
aged grain in a 100-gram sample. When the 100-gram sample
was soaked in a Fast Green Dye solution, the dye was absorbed
on the fractured surfaces but not on the seed coat. The un-
absorbed dye solution was removed from, the grain sample by
running water and then the sample was soaked in a lye solu
tion which removed the dye from the damaged tissue of the
grain. The quantity of dye in the diluted lye solution was
measured with a colorimeter, as in Figure 8.
The steps are as follows:
(a) Prepare a lOO-greun sample and sieve over a 12/64
sieve and remove the foreign matter.
(b) Pump one stroke of dye concentrate into the beaker
and add a small cup of water into the beaker.
(c) Add corn to beaker and stir corn for 30 seconds.
(d) After 30 seconds of soaking, pour corn and dye
solution into strainer.
(e) Rinse excess dye from sample with running water
for 30 seconds.
(f) Pump one stroke of lye concentrate into measuring
Figure 8. Grain damage meter
49Z
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cup and add large cup of water to measuring cup
(g) Set strainer in lye solution for 30 seconds and
stir.
(h) Remove strainer from cup.
(i) Pour lye solution in cuvett and wipe off any
excess water from outside of cuvett.
(j) Zero meter with cuvett containing water.
(k) Read meter with cuvett containing dye solution.
28
RESULTS AND DISCUSSION
Recorded data for the effect of combine cylinder design,
cylinder speed, and concave clearance on breakage percent
and corn damage are shown in the Appendix.
Test V7eight
Test weight ranged from 50.38 Ibs/bu at 24.1% moisture
content to 51,53 Ibs/bu at 24,3% moisture content.
Table 2 shows the results obtained from the analysis
of variance which indicates that there was significant
effect of concave clearance on test weight at the 5% level.
The analysis of variance in Table 2 shows that there
was no significant effect between the cylinder speed and
test weight. Table 2 also shows that there is no signifi
cant interaction between concave clearance, cylinder speed,
and combine on test weight.
Broken Corn and Foreign Material
Broken corn and foreign material which passed through
the 12/64-in round hole sieve were averaged between 0.4% (at
300 rpm and 1.5 in concave clearance) and 1.2% (at 680 rpm
and 0.5 in concave clearance) for the axial flow combine, and
0,3% (at 400 rpm and 1.0 in concave clearance) and 1.3% (at
780 rpm and 0.5 in concave clearance) for the tangential
flow combine.
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Table 2. Analysis of variance for the effect of cylinder
speed, concave clearance, and combine on the
test weight
Source of
variation d. f. SS MS F-value
Model 21 28.20 1.34 3.22
Blocks 4 17.55 4. 38 10.50**
Cylinder speed 2 2. 31 1.16 2.77
Concave clearance 2 3.38 1.69 4.04
Combine 1 0.51 0.51 1.23
Cylinder speed*Con-
cave clearance
4 1.02 0.25 0.61
Cylinder speed*Com-
bine
2 1.66 0.83 1.98
Concave clearance*
Combine
2 0.25 0.12 0.30
Cylinder speed*Con-
cave c1earance *Com
bine
4 1.53 0.38 0.92
Error 68 28.40 0.41
Corrected total 89 56.60
**Significant at the 1% level.
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Effect of cylinder speed
The graph of the average responses is shown in Figure
9. As the level of cylinder speed increased, the broken
corn and foreign materials increased. The difference
between low and intermediate level of cylinder speed was
less than the difference between intermediate and high
level of cylinder speed by 0.32% points at any level of
concave clearance. Figure 10 shows that effect of cylinder
speed on the percent of broken corn and foreign material
for the two combines was almost the same. From Table 3,
I conclude that the main effect of cylinder speed was sig
nificant. However, the graph of Figures 9 and 10 indicate
that the effect of cylinder speed was large at a high
level of cylinder speed and low at a low level of cylinder
speed.
The insignificant interaction between cylinder speed,
concave clearance, and combines is shown in Table 3.
Effect of concave clearance
Figure 11 shows the effect of concave clearance on
percent of broken corn and foreign material. The damage
inflicted was greater for concave clearance between 0.5
in and 1.0 in than between 1.0 in and 1.5 in for any level
of cylinder speed, but the difference between high and
intermediate level of cylinder speed was larger than between
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Table 3. Analysis of variance for the effect of cylinder
speed, concave clearance, and combine on the
broken corn and foreign materials
Source of
variation
d.f. SS MS F-value
Model 21 7 .33 0. 34 25. 31
Blocks 4 0.29 0. 07 5. 36**
Cylinder speed 2 4.41 2. 20 159. 87**
Concave clearance 2 1.95 0. 98 70. 74**
Combine 1 0.21 0, 21 15. 80**
Cylinder speed*Con-
cave clearance 4 0.24 0. 06 4. 32**
Cylinder speed*Com-
bine 2 0.03 0. 02 1. 09
Concave clearance*
Combine 2 0.09 0. 04 3. 13*
Cylinder speed*Con-
cave clearance*Com-
bine
4 0.10 0. 02 1. 82
Error 68 0 .93 0. 01
Corrected total 89 8 .27
♦significant at the 5% level.
♦♦Significant at the 1% level.
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the intermediate and low level of cylinder speed by 4.5%
points. Figure 12 shows that concave clearance had an
effect on percent of broken corn and foreign material.
The analysis of variance is shown in Table 3. I con
clude that there was almost a significant difference on
concave clearance for both combines.
Effect of combines
Figure 17 shows the average broken corn and foreign
material between the axial and tangential flow combines.
It indicates that the performance of the tangential flow
combine was better than the performance of the axial flow
combine by 0.1% points. Table 3 shows that there was a
significant difference between the two combines.
When concave clearance increases and cylinder speed
decreases, the percent of broken corn and foreign material
decreases for the two combines. Table 3 shows that there
is no significant interaction between concave clearance
and cylinder speed.
Large Broken Corn
Large broken corn which passes through 16/64-in roiind
hole sieve averaged between 1.66% for tangential flow
combine at 400 cylinder speed and 1.0 in concave clearance
and 3.57% for tangential flow combine at 780 cylinder
speed and 0.5 in concave clearance.
0. goH
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C. 45-
Figure 12
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Effect of cylinder speed
Figure 13 shows the effect of cylinder speed on large
broken corn. The large broken corn increases as the level
of cylinder speed increases. The difference between high
and intermediate rpm was larger than the difference between
low and intermediate rpm by 0.42% points. The analysis of
variance is shown in Table 4. A significant difference
was found between the level of cylinder speed on large
broken corn.
Figure 14 shows that the effect of cylinder speed of
the two cylinder designs on large broken corn was almost
the same. The significant interaction was indicated by
the lack of parallelism of the lines, so the main effect
of cylinder speed was significant.
Effect of concave clearance
The graph of the average effect of concave clearance
on large broken corn is shown in Figure 15. The signifi
cant effect was concluded from Table 4. When the concave
clearance was increased, the large broken corn was signifi
cantly decreased at any level of cylinder speed. The dif
ference between 0.5 in and 1.0 in was larger than the dif
ference between 1.0 in and 1.5 in by 0.54% points. Figure
16 shows that the effect of concave clearance for the two
combines on large broken corn was almost the same. The
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Table 4. Analysis of variance for the effect of cylinder
speed, concave clearance, and combine on large
broken corn
Source of
variation
d.f. 88 MS F-value
Model 21 19.47 0 .93 9.48
Blocks 4 1.47 0 .36 3.76**
Cylinder speed 2 9,15 4 .58 46,81**
Concave clearance 2 6.30 3 .15 32.24**
Combine 1 0.02 0 .02 0.17
Cylinder speed*Con-
cave clearance 4 0.50 0 .13 1.28
Cylinder speed*Com-
bine 2 0.96 0 .48 4.92**
Concave clearance*
Combine 2 0.95 0 .47 4.86**
Cylinder speed*Con-
cave clearance*Com-
bine
4
0
0.11 0 .03 0.28
Error 68 6.65 0 .10
Corrected total 89 26.12
♦♦Significant at the 1% level.
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Figure 14. Effect of cylinder speed on percent of large
broken corn for tangential flow and axial flow
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insignificant interaction is indicated in Table 4.
Effect of combine
The graph of the difference between the axial and tan
gential combine is shown in Figure 17. From Table I
conclude that there was no significant difference between
the two combines. In general, the performance of the two
combines was the same.
Stein Breakage
Stein breakage in samples averaged between 14,6 8% and
29.62% for the axial combine and between 18.37% and 28.03%
for the tangential combine.
Effect of cylinder speed
Figure 18 shows the effect of cylinder speed on the
Stein breakage. The significant difference is shown in
Table 5. The Stein breakage increased as the rpm of the
cylinder increased. The difference between low and inter
mediate level was smaller than the difference between the
intermediate and the high level by 6.49% points. Percent
of Stein breakage was almost the same at the low level of
cylinder speed for all levels of concave clearance. Table
5 shows that there is a significant interaction between
cylinder speed and concave clearance which was indicated
by the lack of parallelism of the lines, as shown in Figure
19,
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Table 5. Analysis of variance for the effect of cylinder
speed, concave clearance, and combine on the
Stein breakage
Source of
variation
d.f, SS MS F-value
Model 21 1973.89 93. 99 8.65
Blocks 4 59.51 14. 88 1.37
Cylinder speed 2 1349.62 674 . 81 62.12**
Concave clearance 2 187.30 93. 65 8.62**
Combine 1 79.75 79. 75 7.34**
Cylinder speed*Con-
cave clearance 4 135.38 33. 85 3.12**
Cylinder speed*Com-
bine 2 69,45 34. 73 3.20**
Concave clearance*
Combine 2 33.51 16. 76 1,54
Cylinder speed*Con-
cave clearance*Com-
bine
4 59.34 14. 84 1.37
Error 68 738.71 10. 86
Corrected total 89 2712.60
♦♦Significant at the 1% level,
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Figure 19. Effect of cylinder speed on percent of stein
breakage for tangential flow and axial flow
combine
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Figure 19 shows the effect of cylinder speed on Stein
breakage for both combines. Table 5 shows that there was
a significant interaction between cylinder speed and com
bines at high level of cylinder speed, so the interaction
between axial combine and tangential combine indicates
that the effect of combine may be large at a high level of
cylinder speed.
Effect of concave clearance
The analysis of variance is shown in Table 5. A sig
nificant difference was found bewteen concave clearances
on Stein breakage. Figure 20 shows that the percent of
Stein breakage decreased as the concave clearance increased
for the high and intermediate level of cylinder speed, but
at the low level of cylinder speed, there was almost no
change in Stein breakage at any level of concave clearance.
Figure 21 shows the effect of concave clearance on Stein
breakage for the two combines. Table 5 shows that there
was no significant interaction between the axial and tan
gential combine. The performance of the two combines be
comes better (lower Stein breakage) as the concave clear
ance increased. The difference between axial and tangential
was large in the small clearance. The effect of the two
combines was nearly the same at 1.0 in and 1.5 in.
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Effect of combine
Table 5 and Figure 26 show the significance between
the axial flow and tangential flow combine. The performance
as measured by Stein breakage of the axial flow combine
was better than the performance of the tangential combine
by 1.88% points.
The performance of axial combine was better at 400
rpm and 0.5 in, while the performance of tangential com
bine was better at 600 rpm and 0.5 in.
Grain Quality Index
Fast green dye index averaged between 11,25 to 23,7
for the tangential flow combine and between 11.87 to 17.74
for the axial flow combine at low and high levels of con
cave clearance, respectively. The higher the index read
ing, the greater the mechanical damage of the corn sample
by the combine cylinder.
Effect of cylinder speed
Figure 22 shows the effect of cylinder speed on corn
damage using the dye index. The corn damage increased
with the increase of cylinder speed. The increase between
the intermediate and the high level of cylinder speed was
larger than between low and intermediate level. As a mat
ter of fact, there was practically no change between the
low and high level of cylinder speed at 1.0 in and 1.5 in
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intermediate
Level of Cylinder Speed
high
Effect of cylinder speed on fast green dye index
at three levels of concave clearance (in)
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in concave clearance. The analysis of variance is shown
in Table 6, The main effect of cylinder speed and the
interaction between cylinder speed and concave clearance
were found to be significant. Figure 23 shows the effect
of cylinder speed on corn damage for the two combines.
In the axial flow combine, there is no change in damage
between the low and the intermediate level of cylinder
speed. The performance of axial flow combine was better
than that of the tangential flow combine.
Effect of concave clearance
Figure 24 shows the effect of concave clearance on
the average corn damage index. The corn damage decreases
as the concave clearance increases. However, there is a
larger increase between 0,5 in and 1.0 than between 1.0
and 1.5, especially at high level of cylinder speed, which
is due to the squeeze of corn inside the concave clearance
and when a kernel is attached to the cob and hit by the
rasp bars of the cylinder. The curve for the intermediate
level of cylinder speed shows that there was an experimental
error when the curve increases at 1,0 in of concave clear
ance.
Figure 25 shows the effect of concave clearance for
the two combines on corn damage. The performance as
measured by the area of exposed starchy tissue of the
54
Table 6. Analysis of variance for the effect of cylinder
speed, concave clearance, and combine on the
fast green dye index
Source of
variation d.f. SS MS F-value
Model 21 762.56 36. 31 8.95
Blocks 4 1.90 0. 48 0.12
Cylinder speed 2 388.15 194. 07 47.85**
Concave clearance 2 128.68 64. 34 15.86**
Combine 1 42.42 42. 42 10.46**
Cylinder speed*Con-
cave clearance 4 93.46 23, 36 5.76**
Cylinder speed*Com-
bine 2 31.81 15. 91 3,92**
Concave clearance*
Combine 2 52.81 26. 41 6.51**
Cylinder speed*Con-
cave clearance*Com-
bine
4 23.32 5. 83 1.44
Error 68 275.78 4. 06
Corrected total 89 1038.35
♦♦Significant at the 1% level.
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Figure 2 3. Effect of cylinder speed on fast green dye index
for tangential flow and axial flow combine
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tangential combine, especially at 0,5 in, but they were
almost the same at 1.0 in. From the analysis of variance
in Table 6, a significant interaction was found between
concave clearance and combine.
Effect of combine
An analysis of Table 6 showed that there is a sig
nificant difference between the axial and the tangential
combine at 5%. Figure 26 shows that the performance of
the axial flow combine was better than that of the tangen
tial flow combine by an average of 1.37 index reading.
Table 5 shows that there was no significant interac
tion between the cylinder speed, concave clearance, and
combine. The performance of the axial combine was better
at 450 rpm and 0.5 in of concave clearance, while the per
formance of the tangential flow combine was better at 400
rpm and 1.5 in of concave clearance.
Effect of peripheral speed of cylinder
upon corn quality
The impact of the rasp bar on the ear of corn is pro
portional to the peripheral speed of the cylinder and thus
an important parameter in regard to corn damage. Peripheral
speed of cylinder ranged between 1885 (ft/min) to 4272
(ft/min) for the axial flow combine and between 2016 (ft/min)
to 3931 (ft/min) for the tangential flow combine. There was
a strong correlation between peripheral speed of cylinder
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Figure 26.
Combine
The difference between tanaential flow and
axial flow coir,bine for the effect on percent
Stein breakage and fast green dye index
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and corn quality for all tests. But the correlation was
higher for the tangential flow combine than that for the
axial flow combine for the Stein breakage, fast green dye
index, and large broken corn, as shown in Table 7.
Table 7. Correlation coefficient to describe the relation
ship between corn quality and peripheral speed
of cylinder (ft/min) for different tests
Test
Correla-
Type of tion Co- Type of
cylinder efficient cylinder
Correlation
coefficient
(R)
Broken corn and
foreign material Axial 0. 93 Tangential 0. 93
Large broken corn Axial 0. 95 Tangential 0. 98
Stein breakage Axial 0. 98 Tangential 0. 99
Fast green dye index Axial 0. 91 Tangential 0. 94
Peripheral speed = u)r (ft/min)
where:
0) = angular velocity = 27tN;
N = cylinder speed (rpm); and
r - cylinder radius (12 in for the axial flow cylinder
and 9.625 in for the tangential flow cylinder).
The effect of peripheral speed of cylinder on corn
quality is shown in Figures 27, 28, 29, and 30. As the
speed of cylinder increased, corn damage increased. The
61
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damage inflicted on the corn kernels was greater for
peripheral speed between 3000 (ft/min) and 4200 (ft/min)
than between 1800 (ft/min) and 3000 (ft/min).
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SUMMARY
This study concentrated on the effect of design of
threshing cylinder of combines (tangential flow and axial
flow), cylinder speed, and concave clearance on test weight.
Stein breakage percent, percent of corn breakage, and grain
quality index. The moisture content was relatively uniform
among samples.
The literature search showed that the percent of
broken corn was lower for the axial flow combine than for
the tangential flow combine, and the percentage of broken
corn decreased as the concave clearance increased and the
cylinder speed decreased.
The experimental design was a completely randomized
block design with two types of combines, three levels of
cylinder speed (low, intermediate, and high), and three
levels of concave clearance (0.5 in, 1.0 in, and 1.5 in).
Corn damage and percent of broken corn decreased with the
increase of concave clearance and decrease of cylinder
speed.
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CONCLUSIONS
(1) BCFM in the two combines was relatively low (less
than 1%), Highest BCFM level occurred at the highest level
of cylinder speed and at 0.5 in of concave clearance for
the two combines (about 1.3%), while the lowest level of
BCFM occurred at the lowest level of cylinder speed and at
1.0 in of concave clearance for the two combines. The per
formance of the tangential combine in this test was better
than the performance of the axial combine by 0.10% points.
(2) Large broken corn was relatively high (about
2.34%), which was due to the high moisture content (24%),
and therefore the corn was soft and easily bruised. The
highest and lowest level of large broken corn was almost the
same level at the cylinder speed and concave clearance for
both combines as in BCFM, but the performance of the axial
combine was almost the same as the performance of the tan
gential combine. There was no significant difference between
the two combines, but there was a significant difference of
the effect of cylinder speed and concave clearance.
(3) Stein breakage percent ranged between 18 to 28%
for the tangential combine and between 16.6 to 29.6% for
the axial combine. The performance of the axial combine
was better than the performance of the tangential combine
by 1.88% points. Cylinder speed, concave clearance, and
combine had a significant effect on the percent of Stein
68
breakage. Percent of Stein breakage in hand shelling was
7.0%.
(4) Fast green dye index ranged between 11.25 to 23.73
for the tangential combine and between 11.87 to 17.74 for
the axial combine. Significant effect had been found for
the cylinder speed, concave clearance, and combine on fast
green dye index. The performance of the axial combine was
better than the performance of the tangential combine by
1.37. Dye index on hand shelling was 4.0.
Furthermore, highest percent of breakage and corn
damage occurred at 0.5 in concave clearance at 780, 680
rpm, for the tangential flow and axial flow combine,,
respectively, while the lowest percent of breakage and corn
damage occurred at 1.0 in concave clearance at 400, 300 rpm
for the tangential flow and axial flow combine, respectively.
(5) There was no significant effect on test weight by
the cylinder speed or concave clearance nor combine.
(6) This research showed that the performance as
measured by fast green dye index and Stein breakage test of
the axial flow combine was better than the performance of
the tangential flow combine.
(7) There was a strong correlation between peripheral
speed of cylinder and corn quality and the correlation was
higher for the tangential flow combine than for the axial
combine.
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APPENDIX: RECORDED DATA FOR EFFECT OF COMBINE,
CYLINDER SPEED, AND CONCAVE CLEARANCE ON
BREAKAGE PERCENT AND CORN DAMAGE
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